In order to maintain further rapid development of aircraft industry, rocket construction, astronautics, nuclear power production, electronics industry, radio engineering and other fields of industry, the polymer-based materials with high durability, thermal stability, elasticity and resistance to ionizing radiation are needed. As a result of research efforts in this direction, a new class of polymers with cyclic chain-polyimides was discovered 1 . 
INTRODUCTION
Recent research trends have been focused on attempts to combine polymer structures and nanoparticles in order to produce materials with high stiffness, toughness and tribological properties 2 . This approach is based on the recently published evidence of ability to improve and modify material properties by adding bulk nanofillers to the polymer matrixcore [3] [4] [5] [6] [7] .
Aeronautics is being viewed as one of the most prospective fields in terms of composite materials consumption. In aircraft industry metal or ceramic structures are getting widely replaced with fiber reinforced polymer composites. Introducing composite materials into aircraft technology caused dramatic improvement of work characteristics.One of the most important advantages observed was significant weight reduction (up to 60-80% lighter compared to aluminum) which helps to cut fuel consumption and operation costs. Other benefits of using composites include avoiding corrosion issues and ability to produce complex shapes which are hard to achieve by use of ceramic materials. Since metal alloys and aluminum have well known functional limitations and high costs, the steady growth of composite demand is expected, while the search for new affordable composite solutions with better working properties remains extremely important. In order to be considered as equal or advantageous functional substitution of metal and ceramics, these new materials have to demonstrate excellent stability under extreme conditions of flame and intense heat.
One of the recent examples of aircraft composite technology success would be the F-35 Lightning II by Lockheed Martin, which will be the first mass-produced aircraft to feature structural nanocomposites in non-load bearing airframe components. The material being used is identified as "advanced polymers engineered for the extremefirst generation", or APEX. It is described within the display as "best-in-class ultra-lightweight and affordable structural thermoplastic enhanced with nanoparticles that delivers increased mechanical properties, thermal stability, electrical conductivity and processability over currently available projects" 8 .
In current project silicon carbide (SiC) nanoparticles were preferred over other nano species due to their unique physical properties such as excellent chemical resistance, heat resistance, high electron mobility, excellent thermal conductivity and outstanding mechanical properties. They are known to be used for high-performance composites [9] [10] [11] [12] and in electronics 13, 14 . These properties make SiC nanoparticles a suitable material for the production of polymer nanocomposites with reinforced structure 10 . However, there is only one mention of polyimide/ nano-SiC composite. Bazzar et al. prepared poly(triazole-imide)/SiC nanocomposites using a polymerization method 15 . The poly(amic acid)/SiC nanocomposites were prepared via the reaction between diamine and dianhydride in the presence of SiC nanoparticles, and then underwent thermal heating in vacuum to form poly(triazole-imide)/SiC nanocomposites. In comparison with poly(triazoleimide), the poly(triazole-imide)/SiC nano composites had the tensile strength increase from 108 to 165 MPa and exhibited high thermal stability (5% weight loss with the temperature increasing from 380 to 500°C).
Our initial work was focused on studying the effects of nanostructured SiC (at loading level of 6 wt%) on enhancement of the thermal durability of the polyimides. In this work we used polyoxydiphenylene-pyromellitimide (see Fig. 1 ) which is one of the most widely used polyimides in civil and military aircraft production.
EXPERIMENTAL

Materials
1-Methyl-2-pyrrolidinone (NMP, Component-Reaktiv) was purified prior to use in poly(amic acid) synthesis by drying over calcium hydride for at least 8 hours, followed by distillation under reduced pressure (using a vacuum pump) (b.p. 202ºC/760mmHg). 4,4'-Oxydianiline (4,4'-ODA, Vekton) was sublimed under vacuum (~5 torr) at 155°C. Pyromellitic dianhydride (PMDA) was synthesized according to the literature 16 .
Silicon carbide (SiC) nanoparticles were purchased from In Khim Sintez. The properties of the SiC-nanopowder are listed in Table 1 .
Preparation of the nanocomposite
0.6153 g of nanostructured SiC and NMP (50 mL) were sonicated in a three-neck roundbottom flask equipped with a condenser and an argon inlet for 15 min. Then 5.0461 g (25.2 mmol) of ODA was added and sonication continued for another 15 min, afterwards 5.5000 g (25.2 mmol) of PMDA was added portion wise. The mixture was sonicated for 30 min more. The resulting highly viscous poly(amic acid) solution was cast onto clean and dry glass plates by a scalpel; the films were dried in a vacuum oven at 80°C for 6 h and then at 150, 200, 250, and 300 °C for 1 h at each temperature followed by final drying step at 350 °C for 15min.
Analytical techniques
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) analysis was collected with a TA Instruments SDT Q600, under atmosphere of argon and air at a heating rate of 10ºC/min from room temperature to 800ºC.
For scanning electron microscopy (SEM), a Hitachi SU-1510 VP-SEM was used under accelerating voltage of 7 kV and working distance of 5.5mm.IR-spectra were recorded with a VERTEX 70 FT-IR, Bruker Optics.
RESULTS AND DISCUSSION
Synthesis of nanocomposite
The nano-SiC was mixed with 4,4'-ODA and PMDA under sonication to give the corresponding poly(amic acid) with uniformly distributed particles with viscosity of 4929,89 Pa·s. To achieve imidization,a common thermal imidization approach was used at the final stage of the reaction. The reaction mixture was cast on a 
Nanocomposite Properties
The transformation of poly(amic acid) into polyimide was confirmed by Fourier transform infrared (FTIR) spectroscopy(see Fig.2-3) . FTIR spectra of the film prepared by the thermal imidization method (Fig. 3) showed absorption bands at about 1775 cm -1 (C=O asymmetric stretching), 1715 cm -1 (C=O symmetric stretching), 1368 cm -1 (C-N stretching), and 721 cm -1 (C=O bending), which are characteristic for imide rings. The absence of absorption bands at 1660 cm -1 corresponding to C=O amide stretching in the FTIR spectra of polyimides indicates complete imidization. Due to the low loading of nanofiller FTIR signals of SiC can't be observed. FTIR spectra of the SiC particles are shown in Fig. 4 .
The thermal properties of the polyimide nanocomposite were evaluated by thermogravimetric analysis (TGA). The 5% weight loss temperature of this material is 593°C in air (compared with 530ºC of poly-oxydiphenylenepyromellitimide without SiC nanopowder). The T g of the nanocomposite was obtained from DSC measurements and found to be 460ºC. TGA/DSC curves of polyimide without nanofiller and nanocomposite film in air are shown in Fig. 5 and Fig. 6 .
Solid film sample was examined by Scanning Electron Microscopy (SEM) to determine how the particles were dispersed in the polyimide (see Fig. 7 ).
CONCLUSION
A new material based on polyimide and nanostructured SiC has been successfully synthesized and exhibited good thermal stability. Based on the results collected to date, the use of silicon carbide loadings represents significant interest for novel materials development. In short time periods and with little additional effort, the use of these particles improves thermal stability in comparison to the pure core polymer. Further studies are needed for detailed interpretation and understanding of current results. The future work on this project will be focused on producing and studying composite materials with various polyimides and different loadings of silicon carbide nanoparticles.
